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STREAM CHANNEL AND VEGETATION CHANGES IN SECTIONS OF
MCKNIGHT CREEK, NEW MEXICO
Alvin L. Medina' and

Abstract.

— Measurements

taken

at

S.

Clark Martin^

three-year intervals between 1977 and 1985 of channel morphology and
showed that channels increased in depth and

vegetation cover between sections inside and outside a cattle exclosure

width on all plots. Tree canopy cover decreased significantly between 1977 and 1985, but changes in density of trees
and shrubs and herbaceous cover were small. Exclusion of cattle use did not prevent channel erosion or deterioration of
vegetation; rather, changes were attributed to a wildfire in the headwaters and subsequent storm events that
temporarily upset the dynamic equilibrium of the stream.

many benesuch as recreation, fisheries, grazing, and
water. However, these ecosystems are fragile, and many consider cattle grazing not compatible with the more aesthetic uses. Various
Riparian ecosystems provide

fits,

Qohnson and McCormick 1978, Kauffman and Krueger 1984) have demonstrated
adverse effects resulting from improper land
uses. Others report adverse effects caused by
natural phenomena, such as floods (Hayes
1978, Buckhouse et al. 1981). Although floods
studies

boulders. Stream bank soils are principally
shallow to deep silty-clay loams with recent

sandy-loam deposits.

Common

streamside

trees include Popiiltis angustifolia (narrowleaf

Cottonwood), Quercus gambelii (Gambel oak),
Piniis ponderosa (ponderosa pine), and Juglans major (Arizona walnut). Major shrub species were Robinia neomexicana (New Mexico

interrelationships

Primus serotina (Gila chokecherry),
Symphoricarpos oreophilus (mountain snowberry), and Sambucus neomexicana (New
Mexican elder). Herbaceous vegetation is
largely dominated by Poa pratensis (Kentucky
bluegrass) and Bromiis anoinalus (nodding

tion

brome).

known to adversely affect riparian habitats
(Leopold and Wolman 1957, Lane 1957), the

are

between riparian vegetaand stream hydraulics are also poorly understood (Heede 1980).
This study was done to evaluate changes
over a nine-year period in channel morphology and riparian vegetation in lightly
grazed and essentially ungrazed sections of
McKnight Creek on the Gila National Forest.

locust),

Prior to 1968 Forest Service records show
the allotment had a history of heavy cattle use,

a steep-sided, nar-

with an average stocking rate of 2,340 and as
high as 3,369 animal-unit-months (aum) yearlong. From 1968 to 1975 the allotment was
grazed May through September only in alternate summers, with a seasonal stocking rate of
about 1,145 aum's. During this period
(1968-1975), the allotment was rested four
years out of seven. Cattle grazing in the exclosure since it was built in 1975 has been limited
to occasional strays. Meanwhile, during the
period of study, the adjacent range was not
stocked from 1977 to 1981. Since 1982 it has
been stocked very lightly (< 228 aum's) in
summer only. Grazing during the study pe-

row-bottomed drainage with a stream gradient of between 0.5% and 2% in most reaches.
Channel substrates were estimated in 1982 to
be about 80% cobble, 9% gravels, 6% sands,
3% organic materials (i.e. fallen logs), and 2%

been negligible.
Average annual precipitation at the Mimbres Ranger Station, located about 6-7 miles
from the study site, is about 48 cm, with
yearly variation between 25 and 71 cm

Study Area

McKnight Creek is
Mimbres River

a headwater tributary of

southwestern New
4.3-km) cattle exclosure plus adjacent grazed portions of the Little McKnight unit of the Powderhorn grazing
allotment (75,832 ha) were used as the study
the

Mexico.

area.

in

A 438-ha (0.8 x

McKnight Canyon

is

,

riod has

USDA

Forest Service, Rocky Mountain Forest and Range Experiment Station, Arizona State University Campus, Tempe, Arizona 85287-1304.
Department of Agriculture, School of Renewable Natural Resources, University of Arizona, Tucson, Arizona 85721.
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bimodal, with 55%
of average rainfall occurring from July
through September, 36% during the fallwinter months, and 9% during spring months.
(n

=

48). Precipitation

is

Stream flows are highly variable, with modal
between 0.3 and 3.5 mVminute (Rinne
1978). In severe drought, surface water may
be reduced to intermittent pools. Peak flows
occur in April, July, or August, and occasionally in December. Flood flows may exceed
150 m^/minute but are of short duration (1-2

flows

(Rinne 1980). McKnight Creek has
served as restoration area for the endangered
Gila trout, and because of this, use of the

days)

riparian area

is

limited to hiking.

Changes
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channel cross sections for each
were depicted as crosssectional graphs. Quantitative assessments
of stream cross sections were made by comparing differences in mean cross-sectional
depths, width-depth ratios, and channelshape factors (Heede 1980) for individual transects within a plot for given years. Mean crosssectional depth was defined as the mean of
depth observations for a given transect and
year. The width-depth ratio is the top width of
the channel divided by the mean depth and is
a quantitative expression of channel shape
(Heede 1975). Shape factor is the quotient of
the maximum depth divided by mean depth.
in

transect and plot

These attributes are useful

Methods
Seven study plots (6 x 30.5 m) were randomly established within straight reaches and
adjacent to the channel in

May

1977. Plot

The

longitudinal center line of each

was marked with stakes at either end. A
tape along this center line was used to determine frequency of rooted herbaceous species
by the 3/4-inch-loop method (100 loops/tran-

plot

sect) (Parker 1951) to define the

boundaries of

eight 3 X 7.6-m plots on which the density,

diameter

at

breast height,

total

height of

and density of shrubs were measured,
and to estimate tree canopy cover at 7.6-m
intervals using a modified densiometer. Data
for herbaceous species in 1985, however, are
for canopy cover (Daubenmire 1952) rather
than basal cover and are based on 60 O.l-m"
trees,

quadrats rather than 100 I.9-cm (3/4-inch) circles. At each plot three stream cross-sectional
transects

were established perpendicular

the stream channel 15.25

m

Data Analysis

to

Analysis of variance using a repeated measure approach was used to assess temporal and
plot differences for both morphology and vegIndividual degree of freedom

etation data.

contrasts

ences

were used

among

to assess pairwise differ-

years and

among

plots.

Where

evident, variation in time for individual plots

was also analyzed with individual repeated
measure analyses. Multiyear comparisons of
individual transects were subjectively made
through graphs of cross-sectional areas and
indices of change, i.e., shape factors, widthdepth ratios. Discussion of these parameters
qualitative since each re(iuires simultaneous interpretation of more than one variable. For example, width-depth ratios may
remain the same, even though both width and
depth change.
is

Results

apart to deter-

mine the approximate shape of stream cross
sections. Surface elevations were obtained at
0.6-m intervals by measuring the perpendicular distance to ground level from a line
stretched between stakes on either side of the
channel. Photographs were taken to visually
document vegetation and stream morphological conditions. Measurements were taken
in May 1977, 1979, 1982, and 1985. Plant
nomenclature follows Martin and Hutchins
(1980).

channel.

1

was located about .5 km below the exclosure,
plots 2-6 were located about .5 km apart
within the exclosure, and plot 7 was .5 km
above.

in quantifying ge-

omorphological changes. They are also related to the efficiency of water flow through a

Stream Morphology
Sigiiiflcant (p < .01) changes over time occurred on all plots (Fig. 1). However, differences over time within individual transects
yield better estimates of changes in channel
morphology because each transect is unique
with respect to space and time. Significant
differences (p < .05) were observed for all
years on all plots except plot 5.
The strong interaction observed between
plots and time was attributed primarily to
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1.

Table

Width-depth

1.

ratios of individual plots for years 1977, 1978, 1979, 1982,

and 1985.

Mean width-depth ratios (W:D), mean shape factors (SF), and mean channel depth

of stream sections for

all plots.

Plots

1

and 7 were located outside the exclosure.

(D)

(in

meters) by years
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Mean frequency

(1977-82) and

mean percent herbaceous cover

(1985)

379
by year and

plot.
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